The rodent whiskers are topographically mapped in brainstem sensory nuclei as neuronal modules known as barrelettes. Little is known about how the facial whisker pattern is copied into a brainstem barrelette topographic pattern, which serves as a template for the establishment of thalamic barreloid and, in turn, cortical barrel maps, and how precisely is the whisker pattern mapped in the brainstem during prenatal development. Here, we review recent insights advancing our understanding of the intrinsic and extrinsic patterning mechanisms contributing to establish topographical equivalence between the facial whisker pattern and the mouse brainstem during prenatal development and their relative importance.
During development of sensory circuits, peripheral and central sensory neurons first establish topographic patterns of afferent and efferent axonal connectivity roughly mapping the nearest-neighbor spatial relationships of sensory receptors in the periphery; this initially coarse wiring diagram, which develops independently of sensory experience, is then further refined during postnatal development to higher resolution and degree of spatial precision in a sensory activity-dependent manner [1] [2] [3] [4] [5] [6] [7] . In the somatosensory system, touch stimuli are somatotopically relayed to higher brain centers such that there is a topographic correspondence between the spatial distribution of cutaneous receptors and body sensory mapping in the brain [8] [9] [10] . This organization results in reiterated somatotopic maps of neurons and their afferent fibers at brainstem (hindbrain), thalamus, and cortical levels [11] [12] [13] [14] [15] [16] [17] . Central somatosensory body maps are not linear representations of the body surface. Representation of distinct body parts takes up different brain space, according to their sensory importance [10, 17] . In mammals, facial cerebral maps are prominent. Rodents, in particular, display highly topographic brain representations of the rows and columns of mystacial vibrissae (whiskers) on the snout. Whisker-related neuronal modules reproducing the spatial pattern of the mystacial vibrissae are present at all levels of this pathway, and are referred to as barrelettes (brainstem), barreloids (thalamus) and barrels in the posterior medial barrel subfield (PMBSF) of the cortex, respectively ( Figure 1 ) [16] [17] [18] . These topographically distributed structures appear as organized patterns of pre-synaptic afferent axon projections and post-synaptic dendrite arborizations of target sensory neurons [3, 5, 7] . Since their discovery, whisker-related neuronal maps have fascinated neurobiologists and the rodent trigeminal system has become a suitable model to study the formation of highly topographic brain sensory circuits. The mechanisms underlying the formation of whisker-related neuronal modules and their precise connectivity in the rodent brain remain poorly understood. Most studies have focused on the establishment of the cortical barrel pattern [19] [20] [21] . Cortical topographic maps develop through an interplay between mechanisms intrinsic to cortical progenitors and neurons, which establish and position cortical areas, and extrinsic mechanisms imposed by ordered thalamocortical input stabilizing target cell identity and matching connectivity [2, [19] [20] [21] [22] [23] [24] [25] [26] [27] . Postnatal whisker-dependent sensory experience is finally required for the fine-tuning of cortical, as well as subcortical, whisker-related neuronal connectivity [1, 28] . Less is known about how the facial whisker pattern is firstly transferred and copied into a brainstem barrelette topographic pattern (reviewed in Refs. [12, 29] ), which in turn serves as a template for the subsequent establishment of thalamic barreloid and cortical barrel maps, respectively, and how precisely is the whisker pattern mapped in the brainstem during prenatal development. Here, we review recent insights advancing our understanding of the intrinsic and extrinsic patterning mechanisms contributing to establish topographical equivalence between the facial whisker pattern and the mouse brainstem during prenatal development and their relative importance.
Building topographic correspondence between facial whisker pattern and brainstem trigeminal sensory neurons dermatomes is relayed by the peripheral and central axonal processes of the primary sensory neurons of the trigeminal ganglion (TG). TG neurons and their processes innervating V1-V3 are spatially segregated and differentially express positional molecular markers at early stages of facial innervation [30 ] , contributing to the topographic organization of the ophthalmic (Oph), maxillary (Mx), and mandibular (Md) branches of the trigeminal nerve (nV) (Figures 1, 2a) . The establishment and/or refinement of some of these early positionally restricted TG expression patterns require retrograde bone morphogenetic protein 4 (BMP4) signaling from the face and Smad phosphorylation in TG neuron subsets, resulting in early differential expression of Tbx3, The distinct nV branches project to the second order sensory neurons of the brainstem trigeminal sensory column, composed of the rostral principal (PrV) and caudal spinal (SpV) nuclei. The whisker tactile pathway, in particular, is relayed through the infraorbital nerve (ION), which is part of the Mx branch (Figures 1, 2a ) [11,12,30 ,32,33] . Each of central TG axons projects radially oriented collaterals to all the trigeminal nuclei, forming vibrissa-related terminal patches that are piled up like a 'stacked series of coins' generating three distinct barrelette maps at different anteroposterior (AP) levels of Input and output connectivity of the mouse brainstem trigeminal column. Peripheral tactile sensation from the ophthalmic (V1, Oph), maxillary (V2, Mx), and mandibular (V3, Md) dermatomes is relayed by the primary sensory neurons of the trigeminal ganglion (TG) into brainstem trigeminal nuclei. TG axons bifurcate into short rostral and long caudal branches which target, with radially oriented collaterals, the principal (PrV) and spinal (SpV) trigeminal nuclei, respectively. Mystacial vibrissa (whisker)-related neuronal modules are formed at brainstem (barrelettes), thalamus (barreloids), and cortical (barrels) levels. Barrelettes are formed in the ventral part of PrV (vPrV), the caudal part of SpV interpolaris (SpVic), and in the SpV caudalis (SpVc) subnuclei, with the largest map in the SpVic. The barrelette map of SpVc has a mediolaterally inverted pattern as compared with those of vPrV and SpVic. The PrV projects into the lemniscal pathway targeting the thalamic ventral posterior medial nucleus (VPM) which forms the barreloid map. The rostral part of SpVi (SpVir) targets the posterior medial nucleus (POm) whereas SpVic projects to the ventrolateral VPM (VPMvl), through the paralemniscal and extralemniscal pathways, respectively. The POm and VPMvl do not form barreloids. The VPM, VPMvl and POm finally project to the primary somatosensory cortex (S1) where the barrel map is formed. ION, infraorbital nerve; SpVo, SpV oralis.
both the PrV and SpV nuclei (Figure 1 ) [34] [35] [36] . At the brainstem level, mono-whisker responsive barrelette neurons mainly reside in the PrV, which in turn project into the lemniscal pathway, targeting third order neurons of the contralateral thalamic ventral posterior medial (VPM) nucleus where they drive formation of barreloids [6, 11, 12] , whose axons finally target the PMBSF of the primary somatosensory cortex (S1) barrel cortex (Figures 1, 3a ,b) [37, 38] . On the other hand, the caudal part (SpVic) of the SpV pars interpolaris nucleus (SpVi) also forms a barrelette map, but barrelette neurons mainly receive multi-whisker inputs. The SpVic projects through the extralemniscal pathway into the ventrolateral VPM (VPMvl), whereas its rostral part (SpVir) projects through . Also, the cell bodies of whisker-innervating Mx neurons are topographically segregated in row-specific pattern (colored circles) and a row(a-e)-specific and whisker (e.g. d1-d7) -specific topographic pattern of ION axon collateral targeting is observed in the vPrV from the outset of collateralization. For the sake of simplicity, axon fascicles and collaterals of primary neurons innervating distinct rows are drawn with sharp boundaries, although in the animal there may be small overlaps between them. The small mandibular hair follicles of the lj skin (arbitrarily labeled in black, dorsally, and white, ventrally) are innervated by neurons in the Md portion of the TG whose cell bodies are intermingled and not topographically organized (black and white circles), unlike Mx neurons. Md primary afferent central axons and collateral targeting in dPrV also display poor topography (represented by mixing of black and white colors). Thus, in the mouse mandibular 'barrelettes' may be still mapped in dPrV, though hard to detect in the mouse with conventional staining methods, but not with a strict somatotopic pattern. Hoxa2 is a determinant of barrelette neuron identity and orchestrate map formation in the brainstem. (a) At pre-natal stages, axon collateral projections of trigeminal ganglion (TG) neurons innervating upper (whisker) (uj, green) and the lower (lj, red) jaws are segregated into the ventral (vPrV) and dorsal (dPrV) portions of the principal trigeminal nucleus (PrV) at the brainstem level. dPrV consists of postmitotic neurons derived from rhombomere 2 (r2) that are Hoxa2-negative, while vPrV neurons are derived from r3 and are Hoxa2-positive. PrV neurons target the ventral posterior medial nucleus (VPM) of the thalamus. In contrast to the PrV, where projections from the upper and lower jaws are sorted and spatially segregated into distinct regions (vPrV and dPrV), projections to the VPM are overlapping at pre-natal stage: while vPrV selectively targets the dorsal VPM (dVPM), dPrV projects to both the dVPM and ventral VPM (vVPM). (b) At post-natal stage, sensory experience from the periphery refines the whisker map into barrelettes and barreloids in the vPrV and dVPM, respectively. Most of the axon terminals of dPrV neurons are pruned from the dVPM and restricted to the ventral VPM (vVPM), which hosts the lower jaw map. (c) In Hoxa2 knockout mouse, the whisker-related collaterals of the Mx branch are impaired whereas some Md collaterals ectopically target the vPrV; moreover, vPrV neurons do not target the dVPM and are mistargeted to the vVPM. Thus, neither barrelette nor barreloid patterns are generated. (d) Ectopic expression of Hoxa2 in r2-derived dPrV attracts ectopic whisker-related inputs, resulting in an ectopic barrelette map in the dPrV. Also, dPrV axons selectively target the dVPM contributing to the barreloid map. The ectopic barrelette columns of whisker-related afferents in the dPrV are co-extensive with the vPrV barrelette columns, rather than forming an independent duplicated barrelette set. For simplicity, in (b,d) barrelette columns are drawn on a sagittal plane with cigar-like shape and sharp borders, although in the animal there may be small overlaps between them.
superior colliculus, with very few trigeminothalamic projections [6, 47] . The orientation and size of the three distinct barrelette maps varies along the AP axis. For instance, the SpVc barrelette map has a mediolaterally inverted pattern as compared with maps formed in PrV and SpVic (Figure 1) [48  ] . Moreover, the largest barrelette pattern is found in the SpVic whereas bigger individual barrelettes are found in the SpVc. The barrelette zone in the PrV is rather small even though this area projects to the VPM and drives barreloid formation. Thus far, very little is known about the molecular mechanisms underlying barrelette patterning in different trigeminal nuclei as well as regional differences in barrelette neuron subtype identity and connectivity (see below).
Topographic correspondence between the rows of whisker follicles on the mouse embryo face and orderly subsets of TG sensory neurons emerges early during prenatal development. Within the TG maxillary portion, distinct rows in the whisker pad are innervated by spatially segregated neuronal subpopulations [11,30 ,33,48 ,49 ] which may express row-specific molecular markers, such as Cdh13 which is expressed in TG neurons innervating row C-E [49 ]. Moreover, [49 ] used a non-overlapping fluorescent multicolor approach to simultaneously trace peripheral and central axons of E14.0 TG neurons innervating distinct whisker rows, and showed that central axon projections are spatially segregated and fasciculated into a row-specific pattern, thus maintaining topographic order along the ION dorsoventral axis (Figure 2a ).
The early hindbrain is transiently subdivided along the AP axis into segregated compartments of mitotic neural progenitors, or rhombomeres (r) [50] . Individual rhombomeres form spatially segregated cohorts of postmitotic neuronal progenies that generally maintain spatial segregation within the mature brainstem sensory nuclei [51] [52] [53] . TG neuron central axons enter the mouse brainstem at the level of r2 around E9.5-E10.0, remain lateral and bifurcate into a short rostral and a long caudal branch elongating to the posterior hindbrain, targeting PrV and SpV, respectively [11, 12, 33] . Trigeminal nuclei are mostly formed between E10.5-E15.0, but central TG axons do not project radially oriented collaterals onto them until E14.5-15.0 [49 , [53] [54] [55] . In brainstem-TG whole-mount explant cultures, Slit2 promotes branching-arborization of TG primary axons [54] and compound Slit or their Robo receptor mouse mutants show reduced trigeminal sensory branching and partial defects of dorsal root ganglia (DRG) sensory afferent bifurcation into the spinal cord [56] . The mapping of facial somatotopic pattern into rhombomere-derived brainstem trigeminal nuclei has been studied using PrV as a model. The peripheral facial map is inverted in the PrV, so that the lower jaw is represented in the dorsal part of PrV (dPrV), while the upper jaw and whiskers are mapped in the ventral PrV (vPrV). Accordingly, mandibular TG axon collaterals selectively target dPrV, whereas TG whiskerrelated afferent collaterals target vPrV [11, 12, 30 ,48 ,53,55] (Figures 2a, 3 a) . The early segregation of rhombomere progenitors has a direct impact on the somatotopic mapping of the PrV, since vPrV and dPrV are originated from the neuronal progenies of r3 and r2, respectively, which remain spatially segregated in the mature nucleus [53] (Figure 3a,b) .
Since the onset of collateralization, Md and Mx TG axon collaterals remain spatially segregated and do not intermingle, targeting r2-derived dPrV and r3-derived vPrV, respectively [53] (Figures 2a, 3 a) . Moreover, both rowspecific and whisker-specific topographic mapping of afferent collaterals is simultaneously established from the outset along the dorsoventral and lateromedial axes of vPrV, respectively [49 ] (Figure 2a ). In contrast, mandibular TG central axons and collaterals targeting dPrV of neurons innervating distinct lower jaw surface positions display poor spatial segregation [49 ] (Figure 2a) . Thus, the whisker-related TG axon collateral pattern in PrV displays a significant degree of topographic equivalence and peripheral positional discrimination from the outset of collateralization, and is further refined during prenatal stages [49 ] . This indicates that topographic correspondence between whisker spatial distribution on the face and the brainstem PrV neuron pattern is mostly established prenatally, independently of sensory experience.
Row-specific dorsoventral collateral targeting of trigeminal nuclei may be imposed by the topographic ordering, along the ION dorsoventral axis, of the central axons of the positionally segregated TG primary sensory neurons innervating distinct whisker rows (see above). On the other hand, barrelette topography is not prefigured in TG neuron position, since neurons innervating adjacent whiskers in a row do not occupy neighbouring positions in rowspecific TG neuron subsets [48 ] . The whisker-specific pattern of collateral targeting into the developing trigeminal nuclei is instead influenced by the retrograde signaling of graded TGF-b ligands from the whisker follicles, and late-stage conditional deletion of Smad4 in TG sensory neurons results in abnormal segregation of TG central collaterals into barrelettes. This results in impaired or lack of barrelette pattern in PrV/SpVi or SpVc, respectively [48 ] . Thus, the spatial organization of TG neuron collateral targeting in trigeminal nuclei provides an early template to build topographic equivalence between the face and the brainstem. Postnatal activity-dependent refinement processes may stabilize pre-synaptic and post-synaptic elements but they are not the main contributors to build ordered whisker-specific topography within the brainstem sensory nuclei, as also suggested by the results of NMDA receptor knockout mice, where barrelette neuron dendrite asymmetric remodelling is impaired but the general topography of TG afferents is not affected [57] .
Facial whisker pattern is not sufficient to instruct a barrelette whisker map
The facial whisker pattern provides a necessary template for whisker-related neuronal map formation; for instance, mice with extra whiskers in the whisker pad on the snout correspondingly develop supernumerary whisker-related neuronal modules in the barrel cortex as well as subcortically [58, 59] . However, is facial whisker pattern sufficient to drive a central whisker-related neuronal pattern? Are TG-dependent and PrV-dependent patterning mechanisms, independent of peripheral whisker signaling, additionally required to match peripheral information into a barrelette map? Laumonnerie et al.
[49 ] analyzed trigeminal circuit development in Edn1 knock-out mice, which carry a partial duplication of the whisker pad on the lower jaw, due to homeotic transformation into an upper jaw identity, with ectopic rows of spatially ordered whisker follicles expressing BMP4 [60] [61] [62] (Figure 2c ). In Edn1 mutant mice, the ectopic whisker rows are innervated by Md, not Mx, TG neurons according to their position on the lower jaw, and central Md axons initially normally project to the dPrV [49 ] . However, molecular re-patterning of Md into Mx-like TG molecular identity was observed [49 ] (Figure 2c ), supporting retrograde signaling from the ectopic whisker pad. Nonetheless, these molecular changes were not sufficient to drive row-specific, pre-target, axon sorting, nor row-specific or whisker-specific collateral targeting of the Md afferent tract in the dorsal portions of neither PrV nor SpV [49 ] (Figure 2c ). Fundamental pre-patterned positional differences between Mx and Md TG primary axons may be therefore organized independently of facial influences, and intrinsic pre-ordering of Mx TG axons [11, 33, 49 ] may be an important spatial requisite to preserve rowspecific topopographic relationship and to match intrinsic vPrV neuron positional information. Pre-ordering of somatosensory thalamocortical axons is indeed essential for the transfer of topographic equivalence between thalamic and cortical whisker maps [24, 63] .
Notably, even though the Md TG axons innervating the ectopic whisker pad in Edn1 mutants initially projected to the dPrV and dorsal SpV, at late prenatal stage they were re-directed to target the ventral portions of both PrV and SpV, also normally targeted by the collaterals of the Mx neurons innervating the whisker pad on the upper jaw [49 ] (Figure 2b,d) . Similarly, early thalamocortical axon pathfinding defects can be rescued at later developmental stages by axonal re-wiring to match the corresponding cortical areas (reviewed in Ref. [24] ). Because of the lack of topographic pre-ordering of Md axons innervating the ectopic whisker rows, it is unlikely that their terminals would form ectopic barrelette maps in brainstem trigeminal nuclei, although this could not be assessed due to the early lethality of Edn1 mutant newborns [60] [61] [62] . At any rate, the axonal re-wiring of TG axons indicates that brainstem positional information and patterning programs may be contributing to define the targeting areas of TG primary afferents in distinct brainstem trigeminal nuclei during barrelette map formation (see also below).
Barrelette neuron targeting and whiskerrelated barreloid pattern in VPM thalamus
In parallel to the wiring of the facial pattern into the developing brainstem, PrV neurons establish topographic connectivity with VPM thalamic neurons [64] . Briefly, in the mouse, pioneer PrV axons cross the midline and turn rostrally as early as E11.0 [64] . Netrins, Slits, and their receptors are involved in PrV axon midline crossing and contralateralization [65, 66 ]. The bulk of PrV axons reaches the VPM by E17 and by P4 a subset of PrV projections form whisker-related barreloid pattern in the dorsal VPM [64] . In the mature VPM, parcellation of r2-derived and r3-derived PrV axon targeting is observed [53] . Axon terminals from r2-derived dPrV neurons target the VPM ventromedial area, whereas they are mainly excluded from the dorsolateral barreloid area, which is targeted by r3-derived vPrV neurons [53] (Figure 3b ).
The development of a whisker-related barreloid pattern in dorsal VPM differs significantly from barrelette map formation in vPrV. TG afferent terminals initially target the PrV as simple branches and subsequently develop whisker-specific focalized terminal arbors [54, 57] , whereas PrV axon terminals start out forming exuberant diffuse arbors in VPM from which a barreloid pattern gradually emerges [64] . Importantly, from the outset of their collateralization Md and Mx TG afferents project spatially segregated collaterals into the r2-derived dPrV and r3-derived vPrV, respectively, so that their targeting fields do not overlap [49 ,53] (Figure 3a) . In contrast, using ad hoc genetic tools to simultaneously trace dPrV and vPrV neuron projections with distinct fluorescent markers, Bechara et al. [67 ] found that during prenatal development the future VPM barreloid area receives overlapping inputs from both r3-derived vPrV barrelette neurons and r2-derived dPrV neurons (Figure 3a) . Most of these r2-derived dPrV projections are eliminated from the barreloid area at perinatal and early postnatal stages (Figure 3b) . This large-scale pruning of r2-derived dPrV projections precedes the emergence of barreloid pattern in VPM and could be at least in part regulated by IONdependent activity and/or retrograde molecular signaling from the periphery [67 ] . Interestingly, Takeuchi et al. [68 ] found that superfluous non-vPrV axons (from dPrV, but also from SpV and dorsal column nuclei) targeting the VPM barreloid area continue to be selectively pruned during late postnatal stages and through the synapse elimination phase, thus even after the initial segregation of the barreloid pattern, allowing for recruitment of additional whisker-related vPrV afferents in the barreloid area and fine-tuning of synapse maturation in a somatosensory experience-dependent manner.
The analysis of a mouse mutant in which Robo3, a guidance receptor required for commissural axon crossing [69] , is conditionally deleted in r3-derived vPrV neurons provided unexpected and interesting insights into how the barrelette-to-barreloid topographic map is transferred and layed out into the VPM by the PrV neuron axon template [66 ,70] . Robo3 conditional knockout resulted in impairment of midline crossing of vPrV axons, thus projecting ipsilaterally to VPM. However, a small contingent of PrV axons still managed to cross and project to the contralateral VPM thalamus. Therefore, in this mouse mutant each VPM is targeted by PrV afferents relaying inputs from both ipsilateral and contralateral whisker pads on the mouse face, providing a unique model to study how somatosensory bilateral afferents are integrated in the VPM thalamic map. Ipsi-laterally or contra-laterally projecting neurons were intermingled in the PrV of Robo3 mutants. If ponto-thalamic topographic connectivity would simply build on genetically pre-patterned molecular gradients of molecules matching positional information between PrV and VPM, then it might have been expected that the small fraction of contralateral axons would intersperse with ipsilateral axons and target the VPM as a single thalamic 'biwhisker' barreloid map, similar to the 'binocular' map of the visual system. Instead, Renier et al. [66 ] found that the bilateral projections from vPrV resulted in two spatially segregated functional ipsi-lateral and contr-alateral whisker maps in VPM and barrel cortex on each side. The mechanism of segregation of the two maps will need further studies to be elucidated, but it might involve distinct timing of arrival at VPM of ipsi-lateral and contra-lateral PrV axons, and/or early segregation of ipsi-lateral and contra-lateral axon fascicles in the ascending tract. Importantly, both ipsi-lateral and contra-lateral thalamic and cortical maps were contained within the normal space devoted to whisker representations and maintained normal orientation and topography. This result strongly indicates that, while area size and map orientation may depend on gradients of patterning molecules in thalamus and cortex [19] [20] [21] 71] , the layout of a point-to-point somatosensory map relies on pre-target ordering and maintenance of nearest-neighbor axon interactions.
Hoxa2 is necessary and sufficient to select barrelette neuron identity and connectivity Only a few transcription factors have so far been involved in PrV development [12, 29, 72] . Among them, Hoxa2 is the only one whose expression is differentially expressed in developing vPrV, though not dPrV, postmitotic neurons [67 ] (Figure 3a,b) . Moreover, loss-of-function and gain-of-function experiments demonstrated that Hoxa2 is necessary and sufficient to instruct barrelette neuron identity and connectivity [53, 67 ] (Figure 3c,d ).
In the early embryo, Hoxa2 is expressed in rhombomere progenitors up to the r1/r2 border [73] , with lower expression levels in r2 (contributing to dPrV) as compared to r3 (contributing to vPrV), whereas Hoxa2 is not expressed in TG neurons nor in the face epithelium. Ezh2, a member of the Polycomb Repressive Complex 2 (PRC2) is required to maintain epigenetic repression of Hoxa2 in postmitotic dPrV neurons, thus preventing barrelette circuit formation in dPrV and allowing mandibular circuit development [67 ] . Early Hoxa2 inactivation in r2 progenitors results in ectopic projection of the trigeminal tract to the cerebellum, instead of stopping at the r1/r2 border [53] . Notably, conditional Hoxa2 inactivation in vPrV selectively impairs collateral formation of whisker-related Mx afferents in a non-cell autonomous manner, resulting in lack of barrelette pattern, whereas some Md collaterals ectopically target the Hoxa2-deleted vPrV area [53] (Figure 3c) . In mutant mice, the surviving de-afferented Hoxa2 deficient vPrV neurons project normally to the contralateral VPM, but display topographic mapping defects since they ectopically target the ventromedial area-which normally hosts the lower jaw representation-instead of the barreloid area [40] (Figure 3c ). These topographic wiring defects might be the result of impaired EphA4 and EphA7 receptor expression in the Hoxa2 deficient vPrV [53] .
These knockout studies did not inform whether Hoxa2 may be sufficient in PrV neurons to orchestrate barrelette map formation and connectivity. By using a wide range of genetic tools and viral tracing approaches, Bechara et al. [67 ] recently showed that ectopic maintenance of Hoxa2 expression in r2-derived dPrV neurons is sufficient to ectopically attract whisker-related primary sensory afferents at the expense of Md afferents and results in vPrV-like asymmetrical dendrite arbors in dPrV neurons and ectopic barrelette map formation (Figure 3d) . Moreover, Hoxa2 expression in dPrV neurons is sufficient to selectively target, during prenatal development, dPrV axons to the barreloid-forming area of dorsal VPM thalamus, at the expense of the VPM ventromedial area, where they are maintained postnatally and refine with vPrV axons into a single functional barreloid map (Figure 3d ). This phenotype is the opposite of that observed in conditionally Hoxa2 deleted vPrV [53] . Notably, just the ectopic expression of Hoxa2 in postmitotic neurons is sufficient to drive the above changes in dPrV neurons [67 ] .
In summary, a single Hox transcription factor, Hoxa2, is sufficient to switch dPrV neuron into vPrV barrelette neuron identity and orchestrate input-output topographic connectivity of a brainstem dermatome-specific circuit module [67 ] . Hox factors may be therefore key regional organizers of subcircuitry underlying the building of somatotopic sensory circuit modules. This suggests a future approach to reveal molecular determinants of PrV and SpV patterning. Thus far, little is known about molecular mechanisms that underlie the parcelling of the facial map subdivision in the brainstem, the regional specification of PrV and SpV barrelette neurons, as well as the development of PrV and SpV input-output connectivity. The fact that different rhombomeres with distinct Hox codes contribute to specific regions/nuclei of the trigeminal column along the AP axis strongly indicates potential roles of posterior Hox genes (Hox3-5) as regional determinants of SpV barrelette neuron subtype identities and connectivity programs. In this respect, it is interesting to note that Btbd3, a factor reported to control orientation of barrel dendrites [74] , was found to be regulated by Hoxa2 in vPrV [67 ] but not expressed in SpVi barrelette neurons [67 ] , suggesting distinct regional Hox-dependent molecular programs of barrelette neuron specification and patterning.
Conclusion
The blueprint of the future barrelette map is already established in the developing brainstem at an early prenatal stage from the outset of peripheral afferent collateralization with row-specific and whisker-specific targeting patterns. As highlighted in this review, this early, fairly precise, somatotopic pattern is progressively refined by an interplay of intrinsic pre-patterning programs in developing barrelette neurons and primary trigeminal sensory neurons and peripheral retrograde molecular signaling during prenatal development. At perinatal and early postnatal stages, the existing underlying somatotopic pattern is refined to higher resolution by sensory experience-dependent neural activity, resulting in dynamic remodeling of post-synaptic neuron dendrites by molecular pathways that begin to be elucidated [74] [75] [76] . Moreover, recent accumulating evidence indicates that asynchronous and synchronous pre-sensory intrinsic and/or periphery generated spontaneous activities are also required for sensory neuron development and to refine the somatosensory map developmental pattern before sensory experience [77] [78] [79] [80] . An unexplored area and major challenge for future studies will be to understand how developmental and neural activity-dependent programs might converge or cross-talk at the chromatin level for transcriptional and epigenetic regulation of coordinated gene expression, during the assembly of point-topoint whisker-related somatosensory circuits.
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